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© B. B. .Bojithx, E. C. HacoHOBa, I\ I\ IlacKepoBa 


B owmeHHbix cnopax MHicpocnopHflHH Nosema grylli m jKHpoBoro Tena csep^KoB Gryllus 
bimaculatus oGHapyxceHbi aKTHBHocTH rJiK>K030-6-ci)oc4)aTflerHflporeHa3bi (K<I> 1.1.1.49), (JjoccJjorJiio- 
Kon30Mepa3bi (K<I> 5.3.1.9) h nnpyBaTKHHa3bi (KO 2.7.1.40). B cnopax MHKpocnopuflHH He BbiHBjieHbi 
AOCTOBepHbie aKTHBHocTH reKcoKHHa3bi (KO 2.7.1.1), 4)Oc4)orJiioKOMyTa3bi (K<I> 5.4.2.2), jiaKTaT- 
flernflporeHa3bi (KO 1.1.1.27), HAH-3aBncnMOH MaJiaTflernflporeHa3bi (K<I> 1.1.1.37), ajncorojibaernfl- 
poreHa3bi (KO 1.1.1.1) h cyKUHHaTflernaporeHa3bi (KO 1.3.99.1.). OGcyacaaioTCH ocoGchhocth MeTa- 
6onH3Ma MHKpOCnopHflHH B CBH3H C noJly^ieHHblMH flaHHblMH. 


Oco6eHHOCTH MeTa60JlH3Ma MHKpOCnopHnHH OCTaiOTCfl nO^TH He HCCJienOBaHHbIMH. 
Mbi o*ihcthjih cnopbi MHKpocnopHflHH Nosema grylli H 3 )KHpoBoro Tena CBep*iKOB 
Gryllus bimaculatus h nonbrraJiHCb onpeneJiHTb aKTHBHOCTb neBHTH (JjepMeHTOB yrJie- 
BOOToro h 3HepreTnqecKoro oSMeHa b nonyqeHHOM MaTepnane. 

C 3toh iiejibio oinpenapHpoBaHHoe xcnpoBoe Teno roMoreHH3HpoBajiH b creKJiHH- 
hom roMoreHH3aTope c noSaBJieHHeM Bonbi h neHTpH^yrnpoBaJiH npH 200 g 10 mhh 
b y3KHx npoGnpicax (6aKeT-poTop). B ocawe OTfinpaJiH SeJibiii cjioh, o6pa30BaHHbiii 
cnopaMH MHKpocnopHUHH (Selesnjov e. a., 1995), pecycneHjmpoBajiH ero b Bone h 
noBTopnjiH iieHTpH^yrHpoBaHHe h ot6op cnop HecKOJibKO pa3 no o6pa30BaHHH mcroro 
6eJioro ocanKa. Cnopbi HaHOCHJiH Ha 80 %-hmh rJinnepHH h iieHTpH(j)yrHpOBajiH npH 
800 g 15 MHH. ^HHKOCTb Han rJIHljepHHOM H BepXHHH CJIOH TJIHIiepHHa (npn6JlH3H- 
TenbHO 1/5 o6i>eMa) OTGpacbiBaJiH, a ocTaBuiHHcn oSbeM pa3B0nHJiH b 3 pa3a Bonon h 
neHTpH(J)yrHpOBaJiH npn 200 g 10 mhh. Cnopbi oTMbiBajm ot rmmepHHa neHTpH^yrnpo- 
BaHHeM npn tom me pexcHMe, pecycneHnnpoBaJiH ocanoK b 100 mM tphc-HCI 6y$epe 
(pH 7.8), conepxcameM 0.3 M caxapo3y h jih30uhm (5 Mr/MJi) rim pa3pymeHHn Kjieioq- 
hoh CTeHKH GaKTepnii h HHKy6HpOBajiH 10 mhh npn KOMHaTHOH TeMnepaType. 3aTeM 
k cycneH3HH cnop no6aBJinjiH neiepreHT tphtoh X-100 no KOHe^HOH KOHijeHTpaijHH 
0.1 % h HHKyGnpoBajiH 30 mhh npn Tex me ycJiOBHJix. Cnopbi TinaTenbHO OTMbiBaJiH 
b Bone ot pacTBopeHHbix BeinecTB, ueHTpH^yrHpyn npn 200 g 10 mhh HecKOJibKO pa3 h 
pecycneHnnpoBaJiH ocanoK b CBOKenpnroTOBJieHHOM 100 mM tphc-HCI 6y$epe (pH 7.8), 
conepacameM 0.3 M caxapo3y. OqnineHHbie cnopbi roMoreHH3HpOBaJiH b TeqeHHe 
30-40 MHH B nJIOTHOM CTCKJI5IHHOM rOMOreHH3aTOpe npH +4°. IlpH 3TOM Ha6jlIOnaJlHCb 
pa3pymeHHe h 3 KCTpy 3 HH okojio 50 % cnop h nonBJieHHe b roMoreHaTe 3Ha*iHTejibHoro 
KOJinqecTBa pacTBopHMoro 6ejnca. CTeneHb pa 3 pyineHHH (3KCTpy3HH) 6biJia Bbirne npn 
roMoreHH3aijHH rycTOH cycneH3HH cnop. *lacTb roMoreHaTa OTGnpaJiH nnn TecTHpOBaHHH 
aKTHBHOCTH cyKijHHaTnerHnporeHa3bi, a k ocTaJibHOMy oGteMy no6aBJinjiH tphtoh 
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X-100 ,qo KOHueHTpauHH 0.1 % h HHKy^HpoBaJiH b Te^eHHe 20-30 mhh Ha xojioay. Tomo- 
reHaT ueHTpH^yrnpoBajin npn 6000 g 15 mhh h TeMnepaiype +4°. CynepHaiaHT xpaHHJiH 
b neflHHOH 6aHe h Hcnojib30BajiH ajih onpe^eJieHHH aKTHBHocTH (JiepMeHTOB. 

Akthbhoctl H 3 y^aeMbix (JjepMeHTOB 3 a HCKjnoqeHHeM cyKUHHaTflerHflporeHaabi 
onpeaeJiHjiH cneKTpo^OTOMeTpnqecKHM Meio^OM b KBapueBbix KioBeTax c ajihhoh 
onTHqecKoro nyTH 1 cm npn .qjiHHe BOJiHbi 340 hm h TeMnepaiype +37°. PeaKUHOHHan 
CMecb ajih onpe^eJieHHH aKTHBHocTH rJiioK030-6-(J)oc(})aTflerH l aporeHa3bi (KO 1.1.1.49): 
100 mM tphc-HCI (pH 7.8), 5mM MgS0 4 , 1.25 mM rm0K030-6-(})0C(})aT-Na 2 , 0.1 mM 
HAflO-Na, 100 h 200 mkt 6 ejnca. KoHTpojib He coflepacaJi rjnoK 030 - 6 -<})oc<})aT-Na 2 hjih 
HAflO. CMecb fljra reKC 0 KHHa 3 bi (KO 2.7.1.1): 100 mM tphc-HCI (pH 7.8), 5 mM MgS0 4 , 
1 mM rJH0K03a, 1 mM ATO-Na 2 , 0.5 mM HAflO-Na, 0.4 E/mji aKTHBHocTH rJH 0 K 030 - 6 - 
4 )oc 4 )aT ( aerH.aporeHa 3 bi, 250 mkt 6 ejnca. KoHTpojib He coaepacaJi rjnoK03y hjih ATO. 
CMecb fljin 4>oc4)orJiioKOMyTa3bi (KO 5.4.2.2): 100 mM tphc-HCI (pH 7.8), 5mM MgS0 4 , 
1 mM rJH0K030-l-4)0c4)aT-Na 2 , 0.5 mM HAflO-Na, 0.4E/mji aKTHBHocTH nnoK030-6- 
<J>oc<}>aT ( aerH ( aporeHa3bi, 250 mkt 6 ejnca. KoHTpojib He coaepxcaJi rjii0K030-l-<})0c<})aT. 
CMecb fljin $0c4)0rJii0K0H30Mepa3bi (KO 5.3.1.9): 100 mM tphc-HCI (pH 7.8), 5mM 
MgS0 4 , 1 mM $PY K T030-6-(J)0C(J)aT“Na 2 , 0.5 mM HAflO-Na, 0.4E/mji aKTHBHocTH 
niioK030-6-4)Oc4)aTjierHflporeHa3bi, 4 h 8 mkt 6 ejnca. KoHTpojib He cojiepxcaJi <J)pyKT030- 
6-$oc4)aT. CMecb jijih nnpyBaTKHHa3bi (KO 2.7.1.40): 100 mM tphc-HCI (pH 7.8), 100 mM 
KC1, 5mM MgS0 4 , 1 mM (J)OC(})oeHonnHpyBaT-Na 3 , 1 mM AflO-Na, 0.125 mM 
HAflH-Na 2 , 0.5E/mji aKTHBHocTH jiaKTaTflerHflporeHa 3 bi, 120 h 240 mkt 6 ejnca. 
KoHTpojib He co,aepxcaJi npo 6 y hjih (}) 0 C(}) 0 eH 0 JinHpyBaT hjih AflO. CMecb ajih HAfl- 
3 aBHCHMOH MaJiaT,aerH,aporeHa 3 bi (KO 1.1.1.37): 100 mM tphc-HCI (pH 7.8), 1 mM IflYK, 
0.125 mM HAflH-Na 2 , 500 mkt 6 ejnca. KoHTpojib He coaepacaJi maBejieBO-yKcycHyio 
KHCJiOTy hjih npo 6 y. CMecb jjjih jiaKTaTjierHjiporeHa 3 bi (KO 1.1.1.27): 100 mM K-$oc4)aT- 
HbiH 6 y$ep (pH 7), 1.6 mM nnpyBaT-Na, 125 mkM HAflH-Na 2 , 500 mkt Gejnca. 
KoHTpojib He coaepacaji nnpyBai hjih npo 6 y. CMecb jjjih ajiKoroJibflerHflporeHaabi 
(KO 1.1.1.1): 100 mM tphc-HCI (pH 7.8), 2.8% aiaHOJia, 0.5 mM HAH, 200 mkt 6 ejnca. 
KoHTpojib He coaepacaJi HAH. Ko 3 <})<})HUHeHT jjH(})(})epeHUHaJibHOH mojihphoh skcthhuhh 
HAH (HAflO) h HAflH (HAflOH) npn jiaHHOH jjjiHHe BOJiHbi npHHHMaJiH paBHbiM 
6220 M _1 • cm - 1 . AKTHBHOCTb cyKUHHai,iierH,iiporeHa3bi (KO 1.3.99.1.) onpeaeJinjiH 
b roMoreHaie cnop jio .aoSaBJieHHH TpHTOHa X-100. CMecb, coaepacamyio 100 mM 
K-$oc4)aTHbiH 6 y$ep (pH 7.8), 2.5 mM 3flTA, 15 mM a 3 Hjj-Na, 10 mM cyKijHHaT h npo 6 y 
(340 mkt 6 ejnca), HHKySnpoBaJiH 5 mhh npn +30°. PeaKUHio 3 anycKajiH jjoSaBJieHHeM 
4)eppHUHaHH,iia-K jio KOHueHTpauHH 2.5 mM, npoBOjmJiH b TeqeHHe qaca npn +30° h 
odaHaBJiHBajiH .qoSaBJieHHeM TXY jjo 4 %. CMecb HHKySnpoBajiH 20 mhh Ha xojiojie, 
ueHTpH^yrnpoBajiH npn 6000 g 15 mhh h onpeaejinjiH onTHqeacyio njiOTHOdb cynep- 
HaiaHTa npn jyiHHe BOJiHbi 420 hm. B KOHTpojie cyKijHHaT bhochjih nocjie .aoGaBJieHHH 
TXY. KoHueHTpauHio Gejnca onpeaeJisuiH no Meiojiy Epa^opfl (Bradford, 1976). 

B pe3yjibTaie HccJie^oBaHHH b cnopax MHKpocnopHjjHH Nosema grylli BbiHBJieHa 
aKTHBHOCTb rJiioK030-6-(J)oc(J)aT f aerH f aporeHa3bi, $oc$orJiioKOH30Mepa3bi h nnpyBaT- 
KHHa3bi. YjieJibHaH aKTHBHOCTb rJiioK030-6-4)Oc4)aT ( iierH ( iiporeHa3bi cociaBHJia 14.1 ± 
± 0.9 HMOJib/MHH • Mr SeJiKa. OepMeHT cneuH(})HqeH b OTHOineHHH HAflO. Ilpn jjoSaBJie- 
hhh b peaKHHOHHyio CMecb HAH BMecTo HAflO aKTHBHOCTb rJiioK030-6-4)oc4)aT ( aerH ( apo- 
reHa3bi He Ha6jno,iiaJiacb. CjiejjyeT oTMeTHTb, *ito xpaHeHHe npo6bi npn TeMnepaiype 
Bbiine 4° npHBOjiHT k HHaKTHBaijHH 3Toro (})epMeHTa. OSHapyxceHa oqeHb BbicoKan 
yjjeJibHan aKTHBHOCTb $0C(J)0rJii0K0H30Mepa3bi, KOTopan cociaBHJia 1325.8 ± 
± 209.3 HMOJib/MHH • Mr SeJiKa. YjjeJibHan aKTHBHOCTb jjjih nnpyBaTKHHa3bi cociaBHJia 
5.9 ± 0.5 HMOJib/MHH • Mr SeJiKa. C noMombio HcnoJib 30 BaHHbix mcto^hk mm He oSHapy- 
HCHJIH B cnopax MHKpOCnopHflHH JIOCTOBepHOH aKTHBHOCTH reKCOKHHa3bI, $OC4)OrJIK)KO- 
Myia3bi, HAfl-3aBHCHMOH MaJiaT,qerHjiporeHa3bi, JiaKTaTjierHjiporeHa3bi, ajncorojibfle- 
rH,aporeHa3bi h cyKHKHaTflerH^poreHaabi. Ilpn .qoGaBJieHHH nHpo4)oc4)aTa bmccto ATO 
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b cMecb fljiH onpe,neneHHH reKC0KHHa3bi aKTHBHocTb TaKxce He HaGmojiaJiacb. BMecie 
c TeM y pH^a npocreHiiiHx nHpo$oc4)aT BbinojiHneT pojib ATO b peaKijHHx rjiHKoiiH3a. 
Cne,nyeT OTMeTHTb, qTo aKTHBHocTb $oc(})orJiioKOMyTa3bi H3Mepnnacb 6e3 .iioGaBJieHHH 
yqacTByiomero b peaKimn rJiiOK030-l, 6-,iiH(})OC(})aTa. OflHaico npenapaTbi rniOK030-l- 
<J>oc<J)aTa coflepxcaT npHMecb 3Toro coejiHHeHHH h Hcnojib 30 BaHHaH MeTojunca no3BO- 
JIHJia HaM BbIHBHTb aKTHBHOCTb $OC(})OrJIIOKOMyTa3bI B JKHpOBOM TeJie X03HHHa (CBepq- 
kob) h a30T(})HKCHpyK)mHx KJiyGeHbKax ropoxa. 

IIojiyqeHHbie jiaHHbie no3BOJiHK)T npejinoJiojKHTb, ^to rJiHKOJiH3 HrpaeT BaxcHyio 
pojib b 3HepreTHqecKOM o^MeHe MHKpocnopHjiHH. npeflcraBJiHeT HHTepec o^eHb 
BbicoKan yaeJibHan aKTHBHocTb (J)OC(J)orJii0KOH3OMepa3bi b cnopax, HBJiniomHxcH 
CTaflHHMH nepexcHBaHHH bo BHeuiHeii cpejie. Bo3mojkho, sto hbjihctch cjiejicTBHeM 
aKTHBHbix oSMeHHbix nponeccoB npn cnoporeHe3e hjih npeaflamauHeH napa3HTa 
k nodie^yiomeMy pa3BHTHio b hoboh KjieTKe xo3HHHa. OicyTCTBHe jiocTOBepHOH 
aKTHBHOCTH reKC0KHHa3bi h $oc$orJiiOKOMyTa3bi (b npe^ejiax qyBCTBHTejibHocTH 
HCn0JIb30BaHH0H MeTO^HKH), HapHfly C BbICOKOH aKTHBHOCTbK) (})0C(})0rJIK)K0H30Mepa3bI 
no3BOJiHeT npejuionoxcHTb Hcnojib30BaHHe napa3HTOM rjnoK030-6-(})oc(})aTa kjictkh 
X03HHHa B Ka^eCTBe OCHOBHOrO HCTOqHHKa SHeprHH. HHTepeCHO OTMeTHTb, qTO BaXCHOH 
(J)yHKHHeH xcnpoBoro Tejia HaceKOMbix hbjihctch npeBpameHHe rJiHKoreHa hjih mio- 
K03bi b Tperano3y. Tperano3a CHHTe3HpyeTCH HenocpejicTBeHHO H3 yflO-rJiK)K03bi h 
rni0KO3O-6-(})OC(})aTa. 3to no3BOJineT npejmojioJKHTb CHHTe3 3Ha*iHTejibHbix KOJinqecTB 
rnK)K030-6-(i)0C(i)aTa b KjieTKax xcnpoBoro Tena. KpoMe Toro, npn npeBpameHHH 
b rjiHKOJiH3e rnioK030-6-(})oc(})aTa no cpaBHeHHio c rjnoK030H, o6pa3yeTcn Gojibine ATO, 
TaK KaK OTcyTCTByeT peaKiinn, KaTaJiH3HpyeMaH reKC0KHHa30H. OSHapyxceHHe aKTHB- 
hocth rni0KO3O-6-(})OC(})aT l iierH ( iiporeHa3bi CBHjieTejibCTByeT b nojib3y bo3mojkhocth 
cymecTBOBaHHH y MHKpocnopHflHH neHT030-4)Oc4)aTHoro nyTH. OicyTCTBHe aKTHB- 
HocTen naKTaTflerH^poreHaabi, aJiKoroJib ( nerH,iiporeHa3bi, ManaTflerH^poreHaabi h 
cyKijHHaT 1 iierH 1 iiporeHa3bi ociaBJineT oTKpbiTbiM Bonpoc o cociaBe KOHe^Hbix npojiyK- 
tob yrJieBOflHoro KaTa6ojiH3Ma y MHKpocnopHjiHH h MexaHH3Max peoKHCJieHHH 
o6pa3yiomHxc5i b pe3yjibTaTe rJiHKOJiH3a BOccTaHOBJieHHbix $opM HAflH. 

HccnejioBaHHe BbinoJiHeHO npn nojmepjKKe Pocchhckoito <J)OH,iia (fcyHjiaMeHTaJibHbix 
HCCJiejjOBaHHH (POOH, N° 94-04-12972). 
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ACTIVITIES OF ENZYMES OF CARBOHYDRATE AND ENERGETIC METABOLISM 
IN SPORES OF THE MICROSPORIDIA NOSEMA GRYLLI 


V. V. Dolgikh, E. S. Nasonova, G. G. Paskerova 
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SUMMARY 


We examined the activities of nine enzymes in microsporidian spores, which were purified out 
of the fat body of the crickets Gryllus bimaculatus. A special method of spore purification, which included 
a centrifugation in glycerine density, incubation in lysozyme and Triton X-100 before homogenization, 
and washing, has been specially elaborated for the present study. The activities of following enzymes 
were studied: glucose-6-phosphate dehydrogenase (EC 1.1.1.49), phosphoglucose isomerase (EC 5.3.1.9) 
and pyruvate kinase (EC 2.7.1.40). Specific activities for each enzyme were respectively: 14.1 ±0.9, 
1325.8 ± 209.3, 5.9 ± 0.5 nmol/min • mg protein. We did not discovered a reliable activities in hexokinase 
(EC 2.7.1.1), phosphoglucomutase (EC 5.4.2.2), lactatedehydrogenase (EC 1.1.1.27), NAD-dependent 
malatdehydrogenase (EC 1.1.1.37), alcohol dehydrogenase (EC 1.1.1.1) and succinatedehydrogenase 
(EC 1.3.99.1) by means of methods used. 

The data achieved indicate that glycolysis probably plays an important role in the energetic meta¬ 
bolism of microsporidia. The extremely high activities of the phosphoglucose isomerase, as well as the 
lack of activities of hexokinase and phosphoglucomutase, at least in the limits of the sensibility method, 
suggest the possible utilization of glucose-6-phosphate from host cells as the main source of an energy. 
It is remarkable that the conversion of glycogen of free glucose into trehalose is an important functon 
of the insect fat body, tha main site of microsporidia development. Trehalose is formed of glucose-6- 
phosphate and UDF-glucose. It is likely that glucose-6-phosphate is produced very intensively in the cells 
of the fat body. The partial involvement of glucose-6-phosphate in the pentose-phosphate pathway is also 
possible. The absence of lactatedehydrogenase activities leaves open the question of the final products 
of the carbohydrate katabolism in microsporidia and of mechanism of reoxidation of the reduced NADH 
forms produced during the glycolisis. 



